Routine procedures in the laboratory, inducing acute stress, will have an impact on the animals and might thereby influence scientific results. In an attempt to gain more insight into quantifying this acute stress by means of the parameters heart rate (HR) and body temperature (BT), we subjected mice to different restraint and injection methods. We first compared the treatment response of HR and BT, measured by means of radiotelemetry, with the treatment response of plasma corticosterone (pCORT), a common and well-validated parameter for measuring acute stress responses. It was found that HR, and to a lesser extent also BT, parallels pCORT values after subjecting the animals to different methods of restraint. Secondly, the acute stress response caused by different injection methods was evaluated. Again, HR was found to be a more sensitive parameter than BT. We found that, in case of sham injections, the acute stress response after an intraperitoneal (i.p.) injection was more pronounced than after intramuscular (i.m.) or subcutaneous (s.c.) injections, but this difference was found to be inconsistent when saline was used as injection fluid. In a third experiment we investigated if the level of experience of the animal technician influenced the stress response after s.c. injections, but no differences were found. Overall, the results have indicated that HR might be considered as a useful parameter for measuring acute stress responses to routine procedures, but the value of BT seems to be of limited value in this respect.
Animal experiments often require routine procedures such as handling, restraint, injections and blood sampling. The effect of such procedures on the animal's physiology may vary, depending on method, frequency or duration of the procedure. Refinement of animal experiments requires investigators to choose the least stressful methods. The aim of the present study is to explore the value of heart rate (HR) and body temperature (BT) as parameters for comparing the acute stress response of routine procedures.
In the literature, a large body of research has already shown the direct effect routine procedures have on these physiological parameters. Studies with radiotelemetry have demonstrated tachycardia and hyperthermia in mice as an effect of weighing, handling or injections with saline (Clement et al. 1989 , Kramer et al. 1993 , Harkin et al. 2002 , and in rats tachycardia and hyperthermia were found after several procedures like cage cleaning and saline injections (Dilsaver & Majchrzak 1990 , Sharp et al. 2002 . But, although HR and BT readily respond to routine procedures, the meaning of these parameters for quantifying the level of acute stress, provoked by such procedures in the mouse, still needs to be substantiated by further experimental data. Therefore, in this study, we first investigated whether the recovery pattern of HR and BT, both driven by the autonomic nervous system, parallels the neuroendocrine response of plasma corticosterone (pCORT) after different methods of restraint, varying both with respect to duration as with respect to the actual way the animal was restrained. The changing level of pCORT is a common and well-validated parameter of acute stress (Korte 2001 ) that has also been used in other studies concerning routine procedures in mice (Tuli et al. 1995a,b) .
Next, one of the restraint procedures (restraint by hand for $10 s) was extended by comparing different methods of injection. In mice and other small rodents, the choice for a certain injection route largely depends on the required absorption rate and the characteristics of the substance (pH, viscosity, etc.) . Several handbooks and reports on laboratory animal techniques provide detailed information on where and how to administer substances, usually without indicating what the effect of the procedure on the animal's physiology will be. Intramuscular (i.m.) injections in the mouse are often discouraged, due to the fact that the muscles of the posterior thigh are rather small (Hedrich & Bullock 2004) , and also because i.m. injections are supposed to be more painful (Morton et al. 2001 , Van Zutphen et al. 2001 . However, this recommendation does not seem to be based on experimental evidence. In an attempt to find out if the method of injection has any impact on the acute stress response as measured by HR and BT we compared the recovery to baseline values of these parameters after i.m. injection with those of subcutaneous (s.c.) and intraperitoneal (i.p.) injection routes.
Also, in order to gain insight into what extent the response is influenced by the level of experience of the technician conducting the procedure, the effect of s.c. injection on HR and BT was compared between two technicians, of whom one was experienced and the other only recently trained.
Materials and methods
All procedures were approved by the Animal Ethics Committee of the Faculty of Veterinary Medicine of Utrecht University.
This study comprised a total of three experiments, which will be described in detail separately below. In the first experiment different methods of restraint were used in order to evaluate HR and BT as parameters for measuring the acute stress responses. The experiment consists of two parts: in part 1A, pCORT values were assessed to verify the hypothesis that the restraint procedures chosen are indeed causing different levels of stress response. In part 1B, HR and BT were measured telemetrically and compared with pCORT responses.
In the second experiment HR and BT were used in order to estimate the impact of different injection methods, whereas in the third experiment these two parameters were used for evaluating the impact of the level of experience of the technician. In each experiment, female C57BL/6JIco mice (Charles River, Maastricht, The Netherlands) were housed in the same, conventional animal room (temperature 18-241C; 12/12 h light/dark cycle with lights on at 07:00 h, light intensity at shelf level about 100 lux; radio on during light hours). Mice were socially housed in elongated Makrolon s II cages (floor area 530 cm 2 ) in the first experiment provided with Aspen chips bedding (ABEDD s , Kö flach, Austria), in the second and third experiment with sawdust bedding (Lignocel s 3/4, Rettenmayer & Sohne, Ellwangen-Hulzmü hle, Germany). The cages were enriched with Kleenex tissues (Kimberly Clark, Ede, The Netherlands). Cages were cleaned once a week. Food pellets (CRM-E, SDS, Witham Essex, UK) and tap water were provided ad libitum.
Experiment 1A
Forty-eight mice arrived at the facility at the age of about 9 weeks (mean body weight at arrival 18.970.1 g) and were randomly assigned to groups of four animals.
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Experimental procedures started in the third week after the animals had arrived and were divided over two morning sessions (six cages per session), starting at 09:00 h. The procedures were performed in a room adjacent to the animal room, separated by one door. The four mice in each cage were randomly distributed over four groups:
(1) Control (C): These animals were not subjected to restraint procedures. held by the tail base and placed in a Perspex restrainer (+2.5 cm inside, length adjustable for the size of the mouse) with the tail outside (see Figure 1 ). After 5 min the mouse was released and the restrainer was cleaned with a mild detergent, rinsed with water and dried.
Procedures started by transporting a cage to the adjacent room. The PR animal was placed in the restrainer after which the LT and RH animals were subjected to their respective procedures. Ten minutes after the cage had been transported (in case of the C animal) or after the end of the procedure (other animals), blood was collected through a tail incision for pCORT assessment (see below). The restraint procedures were performed by a different experimenter to the blood collections. All together, one session took no longer than 70 min.
Experiment 1B
Twenty-seven mice arrived at the facility at the age of about 12 weeks (mean body weight at arrival 21.870.2 g) and were randomly assigned to 27 cages. Each mouse was given a cage mate which was surplus from Experiment 1A (cage mates were 15 weeks of age at the start of Experiment 1B).
Transmitter implantation and postoperational care One week after the mice had arrived at the facility (at a mean body weight of 21.6 7 0.1 g) they were implanted with a radiotelemetry transmitter (TA10ETA-F20, DataSciences International, St Paul, MN, USA). About 20 min before surgery, the mice received an s.c. injection with an antibiotic (enrofloxacin 31.25 mg/kg in a 1:1 dilution with sterile saline: Baytril 2.5%, Bayer BV, Mijdrecht, The Netherlands). The mice were anaesthetized using isoflurane (Isoflo, Schering-Plough, Maarssen, The Netherlands), N 2 O and O 2 (induction: isoflurane 5%, N 2 O:O 2 1:1, 2 L; maintenance: isoflurane 1.4-1.6%, N 2 O:O 2 1:1, 0.5-0.8 L) and the eyes were protected from the airflow with eye ointment (Vitamin A ointment, Pharmacy of Veterinary Faculty, Utrecht, The Netherlands). The implantation procedure, which has been described in detail elsewhere (Kramer et al. 1993) , was slightly modified. In short, the abdomen was opened and the transmitter was placed in the peritoneal cavity with the leads placed subcutaneously at the right shoulder (negative lead) and the left lower chest (positive lead). The transmitter was sutured to the muscle layer (with nonabsorbable Perma-hand Silk s 5-0; Johnson & Johnson International, Brussels, Belgium) after which the muscle layer and skin were closed (with absorbable Vicryl s 4-0; Johnson & Johnson International, Brussels, Belgium). Before closure, the peritoneal cavity was filled with warm, sterile saline (0.9%, Braun Melsungen AG, Melsungen, Germany). The surgical procedure took on average 26 min. Afterwards, the mice were placed in an incubator (321C) for about 1 h and then returned to a clean home cage that was partially placed on a heating pad for at least 24 h. The abdomen of the non-operated cage mate was swabbed with a gauze with 70% alcohol, in order to provide a comparable novel odour as the implanted animal.
Besides normal food and water, Solid Drink s (Triple A Trading, Otterloo, The Netherlands), and food pellets moistened with 3% glucose solution were additionally provided for four days. For postoperative analgesia, the mice were administered carprofen (5 mg/kg s.c.) twice daily for three days after surgery (Rimadyl s , Pfizer Animal Health, Capelle aan den IJssel, The Netherlands; 50 mg/mL diluted 100 Â with sterile saline thus providing additional fluid at the same time) and enrofloxacin was administered once daily for four days after surgery in order to prevent infections. The mice were allowed 6 weeks to recover before the experimental procedures started. Throughout the experiment, HR and BT data were collected every 3 min, 24 h a day. Transmitter-signals were sent to a PC and saved to disk. Data acquisition was performed using DataQuest A.R.T. (DSI, St Paul, MN, USA).
Experimental procedures
Experimental procedures started in the seventh week after transmitter implantation. The mice were distributed into three groups, each group being subjected to one of the three restraint procedures as described under Experiment 1A (LT, RH and PR). A control group was not necessary in this experiment as telemetered animals can serve as their own controls. The procedures were divided over three morning sessions (three animals of each group -nine in totalper session), starting at 09:00 h. During the restraint period, the PR animals were placed on a DSI receiver and HR and BT were collected every 10 s. In the meantime, one animal of the LT group and one animal of the RH group were subjected to their respective restraint procedures. After an animal had been subjected to its experimental procedure, it was returned to its home cage, and HR and BT were collected every 3 min. After 90 min, the animal was brought to the adjacent room again, and blood was collected through a tail incision for pCORT assessment (see below). All procedures were performed by the same experimenter.
Plasma collection and corticosterone measurement
Blood was collected by means of a tail incision, a method that does not cause severe stress or lasting harm to the animals (Durschlag et al. 1996) . Thereto, the mouse was taken from its cage and placed on the lid of another, empty cage, its head and body covered with a tissue. With an extra sharp razor blade (GEM s Scientific, American Safety Razor Co, Staunton, VA, USA) a perpendicular incision was made at the ventral side of the tail, initially about 1.5 cm away from the base, the second time more proximal. Drops of blood were collected in a Microvette s CB 100/200 capillary collection tube coated with EDTA (Sarstedt, Nü mbrecht, Germany) until a volume of about 150 mL. When finished, a gauze was placed on the incision and gentle pressure was applied for a moment before the mouse was returned to the home cage. The blood samples were centrifuged at 13,000 rpm for 15 min at a temperature of 41C. Plasma was stored at À201C. pCORT levels were measured using a solid-phase 125 I radioimmunoassay (CAC s Rat Corticosterone TKRC1, Diagnostic Products Corporation, Los Angeles, USA).
Statistics pCORT values did not fulfil all requirements for parametric testing and were therefore tested non-parametrically. Groups were compared using Mann-Whitney U-tests with Bonferroni correction.
In order to avoid missing HR and BT values (which can occur when a mouse is very active and the position of the Laboratory Animals (2006) 40 transmitter is out of range of the receiver) each analysed time-point was the mean of three data acquisitions (or two in case of a missing value). HR and BT levels were compared at intervals 0-9, 18-27, 36-45 and 54-63 min after restraint. Because of the fully randomized groups, baseline values were expected and found to be equal across groups (tested by one-way ANOVA) and postprocedure data were therefore not corrected for baseline. Analysis was done using ANOVA with repeated measures, with time as within-subject factor and group as between-subject factor. All analyses were performed by SPSS for Windows, release 10.1.0. Differences were considered statistically significant when Pp0.05. Data are expressed as mean values7SEM.
Experiment 2
For this experiment, nine mice were used which in a previous experiment (approximately 6 weeks earlier) had been subjected to the RH procedure (as described in Experiment 1A) four times a day for 15 days in total. With HR and BT as parameters, habituation to the RH procedure could not be detected. The mice were implanted with telemetry transmitters as described in Experiment 1B. At the start of Experiment 2, the mice weighed 24.770.1 g (corrected for the weight of the transmitter) and were socially housed with two other females of the same age. Each mouse was subjected to the following procedures:
(1) Subcutaneous injection: the mouse was restrained (as RH procedure) and injected in the scruff with a 26-gauge needle.
(2) Intraperitoneal injection: the mouse was restrained (as RH procedure) and injected in the peritoneal cavity with a 26-gauge needle inserted at an approximately 101 angle. (3) Intramuscular injection: performed by two people, one restraining the mouse (as RH procedure) and the other administering the injection by inserting a 29gauge needle perpendicularly (i.e. in a 901 angle) into the muscle of the posterior thigh.
The injection procedures were performed twice: once as a sham injection with no fluid injected, the second time with saline injected (in a volume of 0.25 mL for the s.c and i.p. injections and 0.02 mL for the i.m. injection; before injecting i.p. and i.m., aspiration was performed to check for damage). Thus, the mice were subjected to a total of six procedures, which were randomized over a total of six trials.
Statistics
Data were analysed as in Experiment 1B, with a few modifications due to differences in experimental set-ups. Baseline values were expected and found to be equal across groups (ANOVA with repeated measures, with type of injection as within-subject factor), post-procedure data were therefore not corrected for baseline.
Post-procedure data were analysed by ANOVA with repeated measures with time and injection route as within-subject factors. Post hoc contrasts with Bonferroni correction were used to compare for differences between injection types.
Experiment 3
For this pilot experiment, nine mice were used which, like the mice in Experiment 2, were previously implanted with telemetry transmitters and which had been subjected to the RH procedure four times a day for 15 days in total. At the start of Experiment 3, the mice weighed 25.770.8 g (corrected for the weight of the transmitter) and were socially housed with two other females of the same age.
The experimental procedure consisted of an s.c. injection with 0.25 mL of saline (0.9%; Braun Melsungen AG, Melsungen, Germany) and was performed by two female technicians differing in their level of experience: one technician had been working with small laboratory rodents for seven years, regularly performing both simple and complex technical procedures; the second technician was recently trained to perform s.c. injections. The injections were performed on two separate days, starting at 10:00 h. Half an hour before the injections were performed, one of the technicians was present in the animal room, this period being used for baseline measurements. The procedure was performed as described in Experiment 2. The order by which the mice were injected was randomized. The procedures were taped on video to assess the time needed by each technician to perform the procedure.
Statistics
Data were analysed as in Experiment 1B, with a few modifications due to differences in experimental set-ups. Baseline values were expected and found to be equal across groups (ANOVA with repeated measures, with technicians as within-subject factors), post-procedure data were therefore not corrected for baseline.
Post-procedure data were analysed by ANOVA with repeated measures with time and technician as within-subject factors.
Results

Experiment 1A
pCORT values, when measured in blood collected 10 min after the end of the restraint procedure, were found to have increased, compared with the value in control animals, with the highest increase for the PR and the lowest for the LT group (Figure 2) . The differences as found between group C and group LT did not reach statistical significance, but both group RH and group PR showed a significant increase of pCORT compared with group C (Po0.001). Also, statistically significant differences were found between group PR and group RH (P ¼ 0.01) and between group PR and group LT (P ¼ 0.004).
Experiment 1B
pCORT In Experiment 1B, blood samples were collected 90 min after the restraint procedures. Again, a gradual increase of pCORT with increasing stressor-intensity was found (Figure 2) , although the values were lower than in the first experiment. pCORT was significantly increased in group RH when compared with group LT (P ¼ 0.048). Animals of group PR showed higher pCORT values than animals of group LT (P ¼ 0.004). The difference between groups RH and PR did not reach statistical significance.
Heart rate During the 5 min in the restrainer, HR in the animals of group PR significantly decreased (from 611 to 486 bpm), but the HR quickly rose once the animals were returned to their home cage. This was equal for the other two groups: during the first 9 min (first interval) after the animals were returned to their home cage there was a tachycardia with HRs of 650-700 bpm (Figure 3a ).
Significant differences for HR were found during the recovery to baseline (P ¼ 0.005). Group PR showed the highest tachycardia throughout the recovery period whereas group LT showed the lowest HR compared with the other two groups (Figure 3a) .
Body temperature During the 5 min of restraint of group PR, the mean BT decreased from 36.6 to 34.31C (Po0.001). Unlike HR, BT remained low in the period immediately after the mice were released from the restrainer, taking about 18 min to increase again and reach a maximum. And although BT in groups LT and RH was also still rising the first few minutes after the restraint procedures had ended, these mice did not show the considerable hypothermia present in the PR group, making the difference between these groups and the PR group quite pronounced at the 0-9 min time-point (Figure 3b) . As a result, a time Â group effect was found (P ¼ 0.003).
Experiment 2
A significant overall difference of HR recovery was found between the three sham injections (P ¼ 0.036, Figure 4a ). After post hoc testing with Bonferroni correction the difference did not reach statistical significance, although a trend was found for the difference between i.m. and i.p. injections (P ¼ 0.078), the i.p. injection showing a higher HR during the recovery period, but no such trend was found between the s.c. and i.p. injections (P ¼ 0.261). In cases of the injections with saline there was an interaction with time (P ¼ 0.018), showing a trend between the i.p. versus the s.c. injection (P ¼ 0.078, Figure 5a ). Notably, in this case the s.c. injection showed the highest HR at the 18-27 min interval. For BT no differences were found between the three injection routes, neither for the sham injections, nor for the injections with saline (Figures 4b, 5b ).
Experiment 3
When comparing the injections performed by each technician, it was found that the recently trained technician needed more time to perform the procedure (19.8 versus 15.1 s for the experienced technician; 
Discussion
In Experiment 1A, pCORT values were assessed to verify the hypothesis that the three restraint procedures chosen were indeed different in the level of stress response that they would cause. As anticipated, groups RH and PR showed a significant increase in pCORT compared with the other groups, with highest values for the PR animals ( Figure 2 ). The LT group did not differ from the C group, which can be explained by the fact that the C animals were group-housed together with mice from the other three groups, which consequently meant that they were also transported to the adjacent room and thereby aroused. As could be expected due to the delayed time period between the procedure and blood collection, the pCORT values found in Experiment 1B (90 min interval) were lower than in Experiment 1A (10 min interval), but showed a similar increase over the three procedures ( Figure 2) . The results confirmed the assumption that the three methods of restraint each cause a different stress response and that the level of response depends on the intensity of the procedure.
In Experiment 1B, HR and BT could be assessed and evaluated by comparing the results with the pCORT findings. The results illustrated that HR and BT values readily reached a maximum, but that the level during the recovery period was different for each of the three restraint methods (Figures 3a and b ). Specifically, HR followed the pattern as found for pCORT values, group PR showing the highest HR throughout the recovery period and group LT the lowest. The BT results, however, were significantly influenced by the hypothermia resulting from the restraining period in the PR group, and, as BT generally responds slower, it seems to be a less sensitive parameter than HR for measuring acute stress responses. The decrease of HR and BT in mice placed in a restrainer has also been found by Johnson et al. (2000) and Narciso et al. (2003) , though in these studies the restraint period lasted several hours. Besides the loss of body warmth due to a lowered ambient temperature or a decrease in motor activity, this response might be an evolutionary adaptation, beneficial for the animal when confronted with an inescapable situation. However, the change in HR and BT observed after the animals were released again in their home cage seems to illustrate that the tachycardia and hyperthermia are only temporarily postponed.
In the second experiment, both HR and BT have also been used as parameters to evaluate the effect of various injection techniques. Again, HR rather than BT was found to be a useful parameter. Based on HR recovery patterns of the sham injections (Figure 4a ) one might conclude that the i.m. injection as such is less stressful than the i.p. injection. One can speculate on the reason, for instance, the puncturing of the peritoneum during the i.p. injection is possibly rather painful. However, this effect was not seen when saline was injected (highest HR found after the s.c. saline injection; Figures 5a and 5b) , which contradicts the argument of pain of the peritoneum, but raises the question how critical the influence of the volume and the temperature of the injected fluid are. Taken together, the results illustrate that in the search for refinement several aspects have to be taken into account. As demonstrated by van Herck et al. (1998) and Chesler et al. (2002) the person performing a procedure can significantly influence the effect of this procedure on the animal. In Experiment 3 we evaluated the effect of the level of experience of the technician on HR and BT after s.c. injections with saline. Although only two technicians were compared, the fact that, apart from the time needed to perform the procedure, there were no differences found between the two technicians seems to indicate that, for an s.c. injection, the animal does not experience the difference, or that, at least the parameters HR and BT are not sufficiently sensitive to differentiate between the two approaches. However, handling and injection techniques require certain skills, some people might be naturally adept, whereas others might not. Taking this into consideration, a study involving a larger pool of technicians would lead to different results, although standardization would be difficult as individual variation will always be an uncontrollable factor, for example in how tightly an animal is held.
As a final remark, the three experiments in this study were all performed with female C57BL/6 mice. Although in a previous study with two inbred strains no effect of strain was found (Meijer et al. 2006) , it is still possible that other strains or male mice might show different effects. Therefore, in order to be able to apply the current results to mice in general, further research would be required.
In conclusion, our results provide further insight into the physiological effects of routine procedures and the value of HR and BT as parameters for measuring the acute stress response provoked by such procedures. During the recovery time, HR values were found to correlate with pCORT values and HR might therefore be a useful parameter for quantifying the effect of an acute stressor. However, as HR and pCORT have different functions in the stress response and are differently affected, either by the autonomic nervous system (HR) or the hypothalamicpituitary neuroendocrine system (pCORT), measuring both parameters might be advisable. In contrast, BT reacts more slowly and is considered to be a less informative parameter for quantifying the acute stress response.
